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A Mesh-free Particle-Based Model for Microscale Shrinkage Mechanisms 
of Food Materials in Drying Conditions 
Background 
• Food drying is a significant industry 
 
 
• Numerical modeling  and simulations are essential for product/process 
improvements 
• Problem domain:  
– Excessive deformations 
– Multi-phase 
– Discrete  
– Multi-scale 
– Phase change 
• No reliable software available for  micro-structural modeling  
• Experimental Findings: Direct relationship exists between moisture 
content and cellular deformations 
Results 
• Cellular deformations with change of moisture content (x/x0) 
 
 
 
 
 
 
 
• Shrinkage predictions using normalized area (A/A0), diameter (D/D0) 
and perimeter (P/P0) 
 
 
 
 
 
 
• Model sensitivity to cell wall Young’s modulus (E) 
 
 
 
 
 
 
 
 
• Model sensitivity to cell fluid viscosity (µ) 
 
 
 
 
 
 
 
 
Chaminda Helambage,  Wijitha Senadeera, Yuan Tong Gu & Richard  J. Brown 
Queensland University of Technology, Brisbane – Australia. 
(Wang and Brennan 1995) (Reeve 1953) 
0.000
0.200
0.400
0.600
0.800
1.000
1.200
0.20.30.40.50.60.70.80.91.0
X/X0 
A/A0
D/D0
P/P0
(Mayor, Silva et al. 2005)  
Methodology 
• 2-D Single cell model 
– Cell wall : Discrete Element Method (DEM) 
– Cell fluid : Smoothed Particle Hydrodynamics (SPH) 
 
 
 
 
 
 
 
– Cell wall : DEM 
 
 
 
 
 
 
 
 
 
 
 
 
– Cell fluid : SPH 
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Conclusion 
• SPH-DEM approach: can promisingly be used to model cellular 
structural changes of food materials during drying conditions 
• Shrinkage Predictions (Area & Diameter):  good agreement with 
experiments 
• Shrinkage Predictions (Perimeter): only shows some shrinkage at the 
first stage of drying until some positive turgor pressure exists 
• Cell wall Young’s modulus: influence on shrinkage is not so significant 
• Cell fluid Viscosity: influence on shrinkage is significant; higher the 
viscosity  higher the shrinkage; higher viscosity values provide better 
match with experimental findings 
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X/X0 = 1.0 X/X0 = 0.7 X/X0 = 0.5 X/X0 = 0.3 
y = 0.3632x + 0.6426 
R² = 0.8417 
y = 0.4308x + 0.5793 
R² = 0.997 
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y = 0.2742x + 0.7456 
R² = 0.7467 
y = 0.2288x + 0.7774 
R² = 0.9943 
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y = 0.0321x + 0.9464 
R² = 0.4295 
y = 0.2286x + 0.7775 
R² = 0.9818 
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Outlook 
• 2-D tissue model to study effects of intercellular space and middle 
lamella 
• 3-D single cell model 
• 3-D tissue model  
 
 
